1 Introduction {#sec1-1}
==============

Poly-l-lactic acid (PLLA) is a bone scaffold material\[[@ref1],[@ref2]\], recognized by the US Food and Drug Administration (FDA) with good biocompatibility and bioabsorbability\[[@ref3],[@ref4]\]. It can be first degraded into lactic acid in the human body, then decomposed into carbon dioxide and water by metabolism, and finally excreted without any harmful residue\[[@ref5]-[@ref7]\]. In addition, the elastic modulus of PLLA is close to that of human bone tissue compared to stainless steel, titanium alloy, etc., and can avoid stress shielding effect\[[@ref8]-[@ref10]\] whereas the degradation rate of PLLA is slow in the human body. It has been reported that PLLA needs a complete resorption time of 2 -- 3 years\[[@ref11]\], while new bone regeneration\[[@ref12]-[@ref14]\], usually takes 12 -- 18 weeks\[[@ref15]\]. The unmatched degradation rate of PLLA with new bone regeneration limits its further applications.

To accelerate the degradation of PLLA, Kang *et al*. blended collagen and PLLA, using collagen's natural fast degradability to accelerate degradation. Nevertheless, the introduction of collagen decreased the mechanical strength of the PLLA scaffold\[[@ref16]\]. Considering that PLLA is formed by the linkage of ester bonds between lactic acid monomers, its degradation is first caused by the hydrolysis of the ester bond in the main chains and then decomposes into carbon dioxide and water\[[@ref17]\]. PLLA is a hydrophobic material and is not beneficial for the intrusion of water molecules into its interior to break the ester bonds, making it difficult to degrade\[[@ref18]\]. Therefore, promoting the contact between water molecules and the ester bond of PLLA is an effective method to accelerate the hydrolysis of ester bonds.

Graphene oxide (GO) is a two-dimensional lamellar structure with a large amount of oxygen-containing functional groups (such as --COOH and --OH) on its surface\[[@ref19]-[@ref22]\]. These functional groups can endow GO good hydrophilic property and water absorption capacity\[[@ref23]-[@ref26]\]. At the same time, the lamellar GO with large surface area is likely to form many interfaces with matrix, and these interfaces can be regarded as microchannels to facilitate water molecules to invade and induce the breaking of ester bonds. Besides, GO with excellent mechanical properties (Young's modulus \>0.5 TPa, and tensile strength \~130 GPa) can be used as a reinforcing phase for scaffold\[[@ref27],[@ref28]\]. In addition, it has also been reported that GO possessed good biocompatibility for cell adhesion and proliferation\[[@ref29]-[@ref31]\]. The current reports mainly utilized GO to improve the mechanical properties, thermal stability, and cytocompatibility of PLLA\[[@ref32]-[@ref35]\] whereas few studies focused on inducing ester bonds hydrolysis of PLLA scaffold by GO to accelerate degradation.

In this study, GO was introduced into PLLA to accelerate degradation, and three-dimensional porous PLLA/GO scaffolds were prepared by selective laser sintering (SLS)\[[@ref36]\], which is an additive manufacturing method\[[@ref37]\], and can realize the preparation of personalized scaffolds and interconnected porous structures compared to traditional fabrication methods\[[@ref38]-[@ref42]\]. Degradation properties of the PLLA scaffold containing different ratios of GO were studied by observation of degradation morphology and measurement of mass loss. Meanwhile, degradation mechanism was also analyzed. Besides, surface and fracture morphologies of the scaffold were also observed to further investigate the causes of changes in mechanical properties. In addition, bioactivity and cytocompatibility had also been evaluated by simulated body fluid (SBF) immersion and cell proliferation experiments, respectively.

2 Materials and methods {#sec1-2}
=======================

2.1 Materials and preparation {#sec2-1}
-----------------------------

PLLA powders (Purity: tionigand inherent viscosity: 1.46 dl/g) were provided from Shenzhen Polymtek Biomaterial Co., Ltd. (Shenzhen, China). GO powders (purity \> 98%) were obtained from Chengdu Organic Chemicals Co., Ltd. (Chengdu, China). The composition of phosphate-buffered solution (PBS) was NaCl, KCl, Na~2~HPO2H~2~O, and KH~2~PO~4~, which was provided from Sigma-Aldrich (Beijing, China). SBF was purchased from Qingdao Jieshang Biological Technology Co., Ltd. (Qingdao, China). Human osteoblast-like MG-63 cells were supplied from the American Type Culture Collection (ATCC, Rockville, MD).

Three-dimensional porous PLLA and PLLA/GO scaffolds with 0.3%, 0.6%, 0.9%, and 1.2% GO were prepared by SLS. The powders were evenly laid on the sintering platform and selectively sintered according to the pre-planned scaffold models, and the sintering platform would be lowered to a corresponding height when a layer of powders was sintered and then a layer of powders was applied again, sintering layer by layer, and finally obtaining the required scaffolds. The processing parameters were applied as follows: Spot size of 1.2 mm, laser power of 2.2 W, and laser scanning speed of 100 mm/min.

2.2 Characterization {#sec2-2}
--------------------

Surface and fracture morphologies were observed by Phenom Scanning Electron Microscopy (FEI Co., USA), and energy-dispersive spectroscopy (EDS) was used to examine the elemental content of various substances. The phase composition of the scaffolds was carried out from 500 cm^−1^ to 3500 cm^−1^ with LabRAM HR800 confocal micro Raman spectrometer (HORIBA Scientific Instruments & Systems, Paris, France). Three-dimensional surface morphologies of PLLA/GO samples with 0%, 0.3%, 0.6%, 0.9%, and 1.2% GO after degradation for 4 weeks were observed by laser confocal microscopy (Zeiss Co., Germany) and surface roughness (Ra, Rq, and Rz) date was calculated automatically.

2.3 Wettability {#sec2-3}
---------------

The water contact angles of PLLA and PLLA/GO samples (10 × 10 × 5 mm^3^) with 0.3%, 0.6%, 0.9%, and 1.2% GO were measured by an Attension Theta Lite optical tensiometer (Biolin Scientific Co. Ltd., Stockholm, Sweden). The water absorption of the samples was measured to determine the water uptake ability. Five times were used to measure the water absorption rate for each different ratio sample. The mass of each sample was weighed as *W~dry~* before immersing, and then the sample was immersed in the distilled water according to the pre-planned time and weighed as *W~wet~*. The water absorption rate (*W~war~*) was calculated by the following formula\[[@ref43]\]:

2.4 Degradation properties {#sec2-4}
--------------------------

Each sample with a size of 10 × 10 × 5 mm^3^ was measured for initial weight as *W~i~* and then placed in a test tube containing 20 mL of PBS solution (pH = 7.4) at 37°. for 1, 2, 3, and 4 weeks, respectively. After reaching the predetermined immersing time, the samples were taken out and washed with distilled water 3 times, and then dried in a dry box for 24 h and weighted as *W~u~*. The surface morphological changes were evaluated by SEM. The weight loss percentage (*W~L~*) of the samples was calculated by the following formula\[[@ref44]\]:

![](IJB-6-1-249-g001.jpg)

2.5 Mechanical properties {#sec2-5}
-------------------------

The mechanical properties of the samples were evaluated by a universal testing machine (WD-D1, LTD, China). Compressive samples were cylindrical scaffolds with 10 mm of diameter and 5 mm of height; tensile samples were dumbbell scaffolds with a size of 12 × 4 × 2 mm^3^. Different proportions of the samples were placed on the compression fixture and subjected to uniaxial compression with a crosshead speed of 0.5 mm/min at room temperature. Similarly, the samples were also placed on the stretching fixture and subjected to uniaxial tensile under the same conditions. Compressive strength and modulus, tensile strength and modulus were calculated through stress-strain curves, respectively. Six samples were tested for each point.
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2.6 Bioactivity {#sec2-6}
---------------

PLLA/GO samples (10 × 10 × 5 mm^3^) with 0%, 0.3%, 0.6%, 0.9%, and 1.2% GO were placed in 6-well culture plates, immersed in 10 ml SBF, and maintained at 37°C. Fresh SBF was changed every other day for up to 4 weeks. After incubation for various periods of time, the specimens were removed from the solution and rinsed with deionized water 3 times to remove any soluble inorganic ions. Then, the samples were dried in a dry box for 24 h for further characterization.

2.7 Cytocompatibility {#sec2-7}
---------------------

Fluorescence staining experiment was carried out to qualitatively assess the cell proliferation of PLLA and PLLA/0.9 GO scaffolds with a size of 10 × 10 × 5 mm^3^. Twenty microliters of MTT solution were added into cell culture plates for 3 h at 37°C after 1, 3, and 5 days of cell culture. Subsequently, 200 mL of dimethyl sulfoxide was taken into each plate to dissolve formazan crystals and staining cells were imaged using a phase-contrast light microscope. The CCK-8 assay was used to quantificationally assess cell proliferation. The samples were cleaned with PBS after being cultured for 1, 3, and 5 days. Afterward, CCK-8 reagent (Dojindo Laboratories, Kumamoto, Japan) was added into culture plates and cultured for 2 h. Finally, the absorbance of the solution was measured by a microplate reader at 450 nm.

2.8 Statistical analysis {#sec2-8}
------------------------

Data were expressed as mean value ± one standard deviation. The differences of measured data were taken to be significant for *P* \< 0.05, sign \* and \*\* denotes *P* \< 0.05 and *P* \< 0.01, respectively.

3 Results and discussion {#sec1-3}
========================

3.1 Preparation of powders and scaffolds {#sec2-9}
----------------------------------------

The morphology of the powders and scaffolds is shown in **[Figure 1](#F1){ref-type="fig"}**. PLLA powders presented oblong or spherical particles in **[Figure 1A](#F1){ref-type="fig"}**, and particle size was approximately 120 μm. In **[Figure 1B](#F1){ref-type="fig"}**, GO presented flaky structure and piece of diameter was approximately 40 μm. PLLA/GO composites are shown in **[Figure 1C](#F1){ref-type="fig"}**, GO was evenly distributed between PLLA particles, and the particle size was obviously smaller compared to PLLA particles. PLLA and PLLA/GO scaffolds were prepared by SLS, as shown in **[Figure 1D](#F1){ref-type="fig"}-F**. PLLA scaffold presented a white appearance with a diameter of 12 mm and a height of 9 mm. Similarly, PLLA/GO had the same shape and size, while the appearance was grayish-black. More importantly, these scaffolds possessed interpenetrating micropores. These pores mimicked the microporous structure of bone, which facilitated the transport of nutrients, the discharge of metabolic waste, and the adhesion and proliferation of cells\[[@ref45],[@ref46]\]. Feng *et al*. prepared three-dimensional porous structure scaffold and confirmed that the porous structure is favorable for cell growth\[[@ref47]\].

![(A-C) SEM of PLLA, GO and PLLA/GO composite powders, (D-F) axis view, top view, and front view of the PLLA scaffold and (G-I) axis view, top view and front view of the PLLA/GO scaffold fabricated by SLS. PLLA and PLLA/GO scaffolds had similar shape sizes and interconnected porous structures.](IJB-6-1-249-g003){#F1}

3.2 Characterization {#sec2-10}
--------------------

Raman spectroscopy was used to demonstrate the presence of GO in PLLA scaffolds and their interactions. As shown in **[Figure 2A](#F2){ref-type="fig"}**, the Raman spectrum obtained for PLLA showed three obvious characteristic peaks at 871 cm^−1^, 1451 cm^−1^, and 2942 cm^−1^. The PLLA/GO scaffold also showed three characteristic peaks in the same position. There were two new characteristic peaks appearing in the PLLA/GO spectra, representing the D (1330 cm^−1^) and G (1544 cm^−1^) peaks of GO, which confirmed the presence of GO in the PLLA matrix. To explore the interaction between PLLA and GO, the partial spectra in **[Figure 2A](#F2){ref-type="fig"}** were magnified and showed, as shown in **[Figure 2B](#F2){ref-type="fig"}**. The characteristic peaks at 1761 cm^−1^ were C=O stretch of PLLA. Interestingly, the C=O peak shifted to high wavenumber when GO was introduced into the PLLA scaffold, demonstrating the possibly interaction between PLLA and GO because of hydrogen bonding. Geng *et al*. also reported a similar conclusion\[[@ref48]\].

![(A) Raman spectra of PLLA and PLLA/GO, and (B) partial magnification in spectra a. (C) Water contact angle of the PLLA scaffolds with 0%, 0.3%, 0.6%, 0.9%, and 1.2 wt % GO. (D) Water absorption rate of the PLLA scaffolds with 0%, 0.3%, 0.6%, 0.9%, and 1.2 wt % GO after immersing in aqueous solution for different time. GO was successfully introduced into the PLLA scaffold and interacted with PLLA. Hydrophilicity and water absorption capacity increased with increasing GO.](IJB-6-1-249-g004){#F2}

Water contact angle measurement was used to detect the hydrophilic properties of PLLA and PLLA/GO scaffolds with 0.3%, 0.6%, 0.9%, and 1.2% GO. The water contact angle of PLLA was 88.98°, which indicated that it had poor hydrophilic properties. The water contact angle began to decrease when GO was introduced. Water contact angle continuously decreased with increasing GO content, indicating that GO was beneficial to improve the hydrophilic properties of the PLLA scaffold. To further explore the hydrophilic properties of scaffold, the water uptake of the scaffold was evaluated. The water absorption of the PLLA scaffold increased with the immersion time, while the slope of the increase in water absorption rate was decreased. Similarly, water absorption increased with the introduction of GO due to a large amount of hydrophilic groups on the surface of GO, which enhanced the water absorption capacity of scaffold.

3.3 Degradation properties {#sec2-11}
--------------------------

Degradation morphologies and mass loss of different proportions of PLLA/GO scaffolds are shown in **[Figure 3A](#F3){ref-type="fig"}-[E](#F3){ref-type="fig"}**. The surface of the PLLA sample did not change clearly after immersing in PBS for 1, 2, and 3 weeks (**[Figure 3A](#F3){ref-type="fig"}**). When the immersing time was extended to 4 weeks, the surface of the sample became rough and surface roughness of Ra, Rq, and Rz was 38.56 μm, 52.27 μm, and 421.24 μm, respectively, and some precipitated particles appeared. Correspondingly, the mass loss of samples was measured to quantitatively assess the degree of degradation. It could be seen that PLLA had a small mass loss after 4 weeks of degradation and less than 1%. When 0.3% GO was introduced into PLLA, it could be seen that the surface of the PLLA/0.3 GO sample became rough after 1 week of soaking (**[Figure 3B](#F3){ref-type="fig"}**). After 4 weeks of soaking, the surface began to appear degraded holes. As the GO content continued to increase, the surface of the samples became rougher and the quality loss also increased (**[Figure 3C](#F3){ref-type="fig"}, [D](#F3){ref-type="fig"}**). After soaking for 4 weeks, the surface of the PLLA/1.2 GO sample became rough with a Ra value of 73.87 μm, a Rq value of 107.42μm, and a Rz value of 899.90 μm and uneven, and the mass loss was close to 6%, indicating significant degradation and confirming that GO accelerated the degradation of PLLA (**[Figure 3E](#F3){ref-type="fig"}**). Three-dimensional surface morphologies of PLLA/GO samples with 0%, 0.3%, 0.6%, 0.9%, and 1.2% GO after degradation for 4 weeks are shown in **[Figure 3F](#F3){ref-type="fig"}-[J](#F3){ref-type="fig"}**. It can be clearly seen that the surface of PLLA/GO samples after degradation became rougher as the GO content increased (**[Figure 3K](#F3){ref-type="fig"}**).

![(A-E) The mass loss ratio and degradation morphology of PLLA scaffolds with 0%, 0.3%, 0.6%, 0.9%, and 1.2 wt % GO after immersing in PBS solution for 1, 2, 3, and 4 weeks, respectively. (F-J) Three-dimensional surface morphologies of PLLA/GO samples with 0%, 0.3%, 0.6%, 0.9%, and 1.2% GO after degradation for 4 weeks. (J) Surface roughness (Ra, Rq, and Rz) date of different ratios of PLLA/GO samples. Degradation of PLLA accelerated and surface roughness increased with increasing GO content.](IJB-6-1-249-g005){#F3}

3.4 Degradation mechanism {#sec2-12}
-------------------------

It was proved by the degradation of morphology and mass loss experiments that the introduction of GO could accelerate the degradation of PLLA. The explanation mechanism was also analyzed (**[Figure 4](#F4){ref-type="fig"}**) as follows: First, the surface of GO contained a large number of oxygen-containing functional groups, and these functional groups had good hydrophilicity\[[@ref49],[@ref50]\]. The introduction of GO promoted the hydrophilic properties of the scaffold is demonstrated in **[Figure 2](#F2){ref-type="fig"}**. Good hydrophilicity facilitated liquid intrusion into the scaffold. This process was described as a~1~ and represented by the red line. Second, GO was a sheet-like structure with a large surface area and could form many interfaces with the PLLA matrix in the scaffold. These interfaces could be regarded as microchannels. On the one hand, the solution could enter the inside of the scaffold through the interface channels to promote the hydrolysis of ester bonds of the PLLA. On the other hand, these small molecule products produced by hydrolysis of the ester bond could also be discharged through the interface channels. This process was described as a~2~ and was represented by the green line. Third, the oxygen-containing functional groups on the surface of GO could form hydrogen bond interaction with the ester bond of PLLA\[[@ref51]\]. This interaction can induce the ester bond of PLLA to deflect toward the interface, promoting it be attacked by water molecules, thus accelerating the degradation of PLLA. This process was described as a~3~ and was represented by the purple line.

![Schematic of GO promoting the degradation of PLLA. GO accelerated the degradation of PLLA could be divided into three parts. a~1~: Hydrophilic GO attracted water molecules. a~2~: The interface channels between GO and PLLA facilitated the intrusion of water molecules and discharged of degraded low molecular products. a~3~: The hydrogen bonding between PLLA and GO induced the ester bond to deflect toward the interfaces, making the water molecules easily to attack the ester bond.](IJB-6-1-249-g006){#F4}

3.5 Mechanical property {#sec2-13}
-----------------------

The compressive properties of samples containing different proportions of GO are presented in **[Figure 5A](#F5){ref-type="fig"} and [B](#F5){ref-type="fig"}**. The compressive strength of PLLA was 23.60 MPa, which was consistent with the report of Zhang\[[@ref52]\]. The compressive strength was 37.51 MPa and increased by 58.9% when 0.3% GO was introduced. As the GO content continued to increase, the compressive strength gradually increased and reached a peak of 56.19 MPa when 0.9% GO was introduced. Nevertheless, when the content of GO increased from 0.9 wt% to 1.2 wt%, the compression strength of scaffolds decreased slightly from 56.19 MPa to 54.74 MPa. Similarly, compression modulus also had a similar trend (**[Figure 5B](#F5){ref-type="fig"}**). To investigate the cause of the change in compressive properties, the surface morphologies of the samples were observed by SEM, as shown in **[Figure 5C](#F5){ref-type="fig"}-[G](#F5){ref-type="fig"}**. The surface of PLLA was smooth and flat (**[Figure 5C](#F5){ref-type="fig"}**), some flakes began to appear on the surface of the PLLA/0.3 GO sample (**[Figure 5D](#F5){ref-type="fig"}**), and as the GO content continued to increase, more and more flakes appeared (**[Figure 5E](#F5){ref-type="fig"} and [F](#F5){ref-type="fig"}**). A large number of flakes were stacked together to form continuous agglomerates when 1.2% GO was introduced (**[Figure 5G](#F5){ref-type="fig"}**). Red line scan 1 was used to distinguish the difference by penetrating the matrix and flakes (**[Figure 5H](#F5){ref-type="fig"}**). In the direction of the line scan, the content of the C element first increased and then decreased. On the contrary, the content of the O element first decreased and then increased. The ratio of C to O elements proved that the flakes were GO. When the line scan 1 was moved from PLLA to GO, since the ratio of C to O in GO was higher than that of PLLA, so the C element rises. Then, when the line scan moved from GO to PLLA, the C element began to drop. The EDS of the powders in **[Figure 1](#F1){ref-type="fig"}** also confirmed that the ratio of C to O in GO was larger than that in PLLA. The trend of the elements in the line scan 1 also confirmed that the flakes were GO. GO was a sheet-like structure with excellent mechanical strength, it could be used as a reinforcing phase to improve the compression properties of the scaffolds. However, when an excessive amount of GO was introduced, it was difficult to uniformly disperse and formed agglomerates, which formed defects in the matrix, resulting in a decrease in compressive strength.

![(A) Compressive strength and (B) compressive modulus of PLLA and PLLA/GO scaffolds with 0.3%, 0.6%, 0.9%, and 1.2 wt% GO. (C-G) Surface dispersion state of GO in PLLA substrate with 0%, 0.3%, 0.6%, 0.9%, and 1.2 wt% GO. (H) Linescan 1 showed the distribution of elements C and O. The compressive strength and modulus increased with increasing GO content, while there was a slight decrease when 1.2% GO was introduced. GO was uniformly dispersed in the PLLA matrix, but agglomerates formed when the GO content was further increased.](IJB-6-1-249-g007){#F5}

The tensile strength and modulus of samples containing different GO ratios are measured and presented in **[Figure 6A](#F6){ref-type="fig"} and B**. The tensile strength of PLLA was 16.90 MPa. As the GO content increased, the tensile strength also increased, but the tensile strength decreased when 1.2% GO was introduced. The compressive modulus was also increased first and then decreased. To explore the mechanism of tensile properties change, the fracture surface morphologies were analyzed by SEM. The fracture surface of PLLA was smooth with no obvious wrinkles, indicating that PLLA was brittle material (**[Figure 6C](#F6){ref-type="fig"}**). Todo *et al*. also confirmed that the fracture mode of PLLA was brittle fracture\[[@ref53]\]. When 0.3% GO was introduced, the fracture surface began to become rough and uneven (**[Figure 6D](#F6){ref-type="fig"}**). GO sheets were embedded in the PLLA matrix when the content was increased to 0.6%, which was indicated by the red arrow (**[Figure 6D](#F6){ref-type="fig"}**). When the GO content was further increased, more GO was embedded on the matrix, and the embedded GO could effectively transfer and consume external force, thereby increasing the tensile strength of the scaffolds. However, when the GO content was further increased, some of the GO sheets accumulated to form agglomeration, which weakened the enhancement of GO to PLLA, and thus the tensile strength and modulus decreased (**[Figure 6G](#F6){ref-type="fig"}**).

![(A) Tensile strength and (B) tensile modulus of PLLA and PLLA/GO scaffolds with 0.3%, 0.6%, 0.9%, and 1.2 wt% GO. (C-G) Fracture morphology of GO in PLLA substrate with 0%, 0.3%, 0.6%, 0.9%, and 1.2 wt% GO. Tensile strength and modulus increased first and then decreased with increasing GO content. The fracture surface of PLLA was smooth, the introduction of GO rendered the fracture surface rough, and more GO was embedded in the PLLA matrix with the increase of GO.](IJB-6-1-249-g008){#F6}

3.6 Bioactivity {#sec2-14}
---------------

Good bioactivity is one of the required properties for bone scaffolds\[[@ref54],[@ref55]\]. PLLA and PLLA/GO scaffolds with 0.3%, 0.6%, 0.9%, and 1.2 wt% GO were immersed in SBF for 4 weeks to assess bioactivity. There did not have a calcium-phosphorus layer appearing on the surface of PLLA after immersing in SBF, indicating that PLLA lacked good biological activity (**[Figure 7A](#F7){ref-type="fig"}**). Zhou also has similar reports\[[@ref56]\]. Calcium-phosphorus layer appeared on the surface of the sample when 0.3% GO was introduced into PLLA (**[Figure 7B](#F7){ref-type="fig"}**). As the GO content continued to increase, there was more calcium-phosphorus layer on the surface of the sample, and the particle size was getting larger and larger (**[Figure 7C](#F7){ref-type="fig"}-[E](#F7){ref-type="fig"}**). Point 1 in **[Figure 7E](#F7){ref-type="fig"}** was used to measure the elements of white particles by EDS, as shown in **[Figure 7F](#F7){ref-type="fig"}**. There were Ca and P elements in the EDS map, which could prove that the white particles were the calcium-phosphorus layer. The surface of GO contained a large number of functional groups, such as --COOH and --OH\[[@ref57]-[@ref59]\]. These functional groups could adsorb Ca ions in SBF, and Ca ions could continue to adsorb PO~4~ ions to nucleate and grow, thereby forming a calcium-phosphorus layer\[[@ref60],[@ref61]\].

![(A-F) Formation of a calcium-phosphorus layer of PLLA and PLLA/GO scaffolds with 0.3%, 0.6%, 0.9%, and 1.2 wt% GO after immersing in the SBF solution for 4 weeks. Samples containing GO possessed the ability of forming a calcium-phosphorus layer, while PLLA had no calcium-phosphorus layer formation.](IJB-6-1-249-g009){#F7}

3.7 Cytocompatibility {#sec2-15}
---------------------

Fluorescence staining experiment and CCK8 experiments were used to assess cell compatibility by cultured on PLLA and PLLA/GO samples. MG63 cell was cultured on PLLA samples for 1 day, and the stained image is visualized in **[Figure 8A](#F8){ref-type="fig"}**, living cells were dyed green by fluorescence, and showed spherical morphologies. The number of cells on PLLA/0.9 GO was more than that on PLLA after 1 day (**[Figure 8B](#F8){ref-type="fig"}**). As the culture time of the cells on PLLA was extended, the number of cells was increasing (**[Figure 8C](#F8){ref-type="fig"} and [D](#F8){ref-type="fig"}**). After 5 days of culture, the cells on PLLA began to change from spherical to fusiform indicated by the red arrow. In contrast, cells on the PLLA/0.9 GO samples exhibited a more pronounced fusiform appearance compared to PLLA and covered almost the surface of the sample. CCK-8 experiment was used to qualitatively evaluate cytocompatibility. Compared to PLLA, the number of cells on PLLA/GO was higher than PLLA at any time (**[Figure 8G](#F8){ref-type="fig"}**), indicating that the introduction of GO was beneficial to cell compatibility.

![(A,C,E) The fluorescence staining of MG63 cells fostered on the PLLA scaffolds for 1, 3, and 5 days, (B,D,F) the fluorescence staining of MG63 cells fostered on the PLLA/0.9 GO scaffolds for 1, 3, and 5 days, respectively. (G) CCK-8 experiment of MG63 cells fostered on the PLLA and PLLA/0.9 GO scaffolds for 1, 3, and 5 days, respectively. Cells on PLLA/0.9 GO samples had better cell morphology and more cell number compared to PLLA.](IJB-6-1-249-g010){#F8}

4 Conclusions {#sec1-4}
=============

In this study, GO was introduced into PLLA to accelerate its degradation. PLLA/GO scaffolds were prepared by SLS and showed a three-dimensional porous structure. The introduction of GO increased the hydrophilicity and water absorption of the scaffolds, accelerated the breakage of the PLLA ester bonds. As a result, the surface of PLLA became rough and mass loss was increased from 0.81% to 6.11% after immersing for 4 weeks. Besides, the tensile strength was increased by 24.3% and compressive strength was also increased by 137.4%, respectively. In addition, the scaffold also demonstrated good bioactivity and cytocompatibility. This study suggested that PLLA/GO scaffolds may be promising for bone tissue engineering.
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